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在裂殖酵母 S. pombe 中，人类肿瘤抑制因子 Chfr 的同源蛋白 Dma1 是纺锤
体检验点蛋白和胞质分裂的抑制因子，它通过抑制SIN(septation initiation network)
信号途径来阻止胞质分裂的起始；在有丝分裂后期 Dma1 同时定位在纺锤体极体
（spindle pole body，简称 SPB；相当于哺乳动物的中心体）和有丝分裂环上。
而核仁蛋白 Dnt1 与芽殖酵母中的 Net1/Cfi1 具有同源序列，是一个新发现的有丝
分裂早期 SIN 的抑制因子；整个细胞周期 Dnt1 都在核仁内有定位，在有丝分裂
后期还会定位在纺锤体及 SPB 上。基于 Dma1 和 Dnt1 都有在 SPB 上定位，并且
均可调控胞质分裂过程，因此本论文主要研究 Dma1 和 Dnt1 两种蛋白的相互作
用关系。 
我们将 Dma1 和 Dnt1 分别在细菌和 dnt1△的酵母细胞中表达后，进行
pull-down 实验，纯化后的结果显示 Dma1 与 Dnt1 在体外有着直接的相互作用；
随后我们在细菌内表达 Dma1 的全长和 FHA 区域缺失突变体，让其分别与酵母
细胞内表达的 Dnt1-13myc 进行体外结合实验， Western blot 检测结果发现两种
蛋白之间的相互作用是通过 Dma1 的 FHA 区域介导的，而 FHA 区域，被认为是
一个可以识别并结合到被磷酸化的肽链或蛋白上的区域。本论文中分别用 CIAP








本论文初步阐明了 Dma1 与 Dnt1 蛋白的相互作用机制，在正常的有丝分裂中















的 E3 泛素连接酶活性的目的，保护 Dma1 的底物不会在这一时期过早被降解。
鉴于裂殖酵母中的 Dma1 是哺乳动物中 Chfr 的同源蛋白，对于 Dma1 的深入研

















In the fission yeast Schizosaccharomyces pombe, the tumor suppressor Chfr’s 
homologue Dma1 which is a spindle checkpoint protein and cytokinesis inhibitor, 
prevents cytokinesis by inhibiting the SIN. In the anaphase, Dma1-GFP signal was 
observed at both the division site and SPB. As a new inhibitor of SIN in early mitosis, 
nucleolar protein Dnt1 is localized in the nucleolus throughout the cell cycle, at 
anaphase it localizes to the SPB. Dnt1 shows sequence homology to Net1/Cfi1 in 
budding yeast. Based on the facts that both Dma1 and Dnt1 localize at SPB and 
involve in regulation of cytokinesis, we set out to examine the interaction between 
Dma1 and Dnt1 in fission yeast.  
We performed in vitro affinity assay using bacterially expressed recombinant 
protein MBP-Dma1 to incubate with cell extract from dnt1Δ cells carrying 
genomically integrated Dnt1-12myc. The result showed that Dnt1 can efficiently bind 
to Dma1, suggesting physical interaction between Dma1 and Dnt1 in vitro. We 
expressed the MBP-tagged Dma1 full-length and dma1△FHA in E.coli and performed 
pull-down assay with Dnt1-13myc expressed in fission yeast. Western bolt suggested 
FHA domain was required for the interaction between Dma1 and Dnt1, And Dma1’s 
FHA domain has been considered as a phosphopeptide binding domain. When protein 
was dephosphorylated with calf-intestinal alkaline phosphatase(CIAP) orλ-Protein 
phosphatase(λ-PPase), Our  results strongly suggest that the phosphorylated form 
of Dnt1 binds Dma1.  
Because the phosphorylated form of Dnt1 binds Dma1 and the binding between 
these two proteins become the strongest at mitotic metaphase, we were suspicious that 
two major kinases, CDK1 and Plo1, might be responsible for phosphorylating Dnt1 
when they have highest activity at metaphase. However, when we used the CDK1 
sites mutants dnt1(7A) and dnt1(11A), metaphase-arrested plo1-24C and plo1-25 cells, 















whether CDK1 and Plo1 have function in the interaction between Dma1and Dnt1, we 
found that the interaction between these two proteins stayed intact. This suggests that 
there are must be other kinases which is involved in phosphorylating Dnt1 and 
enhance its binding capacity to Dma1. 
In this study, we have attacked the question that how Dma1 interacts with Dnt1 
and how the interaction is regulated. We found that the phosphorylated form of Dnt1 
binds strongly to Dma1 at metaphase through Dma1’s FHA domain. Since Dma1 is 
the mammalian protein Chfr’s homolog, our study on Dma1’s regulation will certainly 
further our understanding of Chfr’s function.  

















MS mass spectrometry   质谱 
APS  ammonium persulfate  过硫酸铵 
BSA  bovine albumin serum  牛血清白蛋白 
TAP    tandem affinity purification 亲和串联层析 
MEN mitotic exit network  芽殖酵母中有丝分裂完成信号途径 
SIN septation initiation network 裂殖酵母中隔膜起始信号途径 
SPB spindle pole body  纺锤体极体 
GAP GTPase-activating protein  GTP 激活蛋白 
CDK cyclin-dependent kinases 周期蛋白依赖性蛋白激酶 
MPF maturation promoting factor 成熟促进因子 
GFP Green Fluorescent Protein 绿色荧光蛋白 
MBP Maltose Binding Protein 麦芽糖结合蛋白 
Co-IP Co immunoprecipitation 免疫共沉淀 
CIAP Calf-intestinal alkaline phosphatase 牛小肠碱性磷酸酶 
DAPI 4',6-diamidino-2-phenylindole  4',6-二脒基-2-苯基吲哚 
DMSO dimethyl sulfoxide  二甲亚砜 
DNA  deoxyribonucleic acid  脱氧核糖核酸 
dNTP  deoxyribonucleoside triphosphate  脱氧核苷三磷酸 
DTT  dithiothreitol  二硫苏糖醇 
E.coli  Escherichia coli  大肠杆菌 
EDTA  ethylene diamine tetraaceticacid  乙二胺四乙酸 
IPTG  isopropylthio-D-galactoside  异丙基--D-半乳糖苷 
OD  optical density  光密度 
PAGE  polyacrylamide gel electrophoresis  聚丙烯酰胺凝胶电泳 
PCR  polymerase chain reaction  聚合酶链式反应 















LB Luria Borth medium  肉汤培养基 
  
SDS  sodium dodecyl sulfate  十二烷基磺酸钠 
TE Tris/EDTA   Tris/EDTA 缓冲盐溶液 
TEMED  N N N' N'-tetramethylethylenediamine  N N N' N'-四甲基二
乙胺 
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Nurse 因其在细胞周期调控方面的杰出贡献， 2001 年获得了诺贝尔生理学或医
学奖[2]，他参与了裂殖酵母基因组测序的工作[3]。裂殖酵母的基因组含有 3 条染












1.1.1 SIN 的蛋白组份及其功能 
SIN 通路至少包括 10 种不同的蛋白[9,10]: Sid4, Cdc7, Cdc11, Cdc14, Cdc16, 
Byr4, Spg1, Sid1, Sid2 及 Mob1（图 1.1）。所有这些蛋白都在整个细胞周期或只
在细胞分裂的后期定位于纺锤体极体（spindle pole body, 简称 SPB）上[11]。其中，
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